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INTRODUCTION
Tomatoes are one of the most important
and valuable vegetable crops grown in Western
Australia. Although the total area of crop in
recent years has seldom exceeded 700 acres,
sufficient fruit is produced to maintain a yearround supply for the local market and a small
surplus for export.
Continuity of supply is achieved without
glass-house production by growing winter crops
in frost-free coastal areas north of Perth. Approximately half the total area of crop is planted in Perth metropolitan market garden areas.
Other main centres of production are Geraldton
and Carnarvon which are 300 and 600 miles
north of Perth respectively. During the summer
months, small areas of tomatoes are also grown
in the Hills districts, South-West and southern
agricultural areas.

Most of the tomatoes grown in Western Australia are produced for the fresh market from
staked and pruned crops. Generally, they are
grown on light soils which must be heavily
fertilised and watered.
Production costs are
therefore high.
The tomato crop is subject to many hazards.
Pests, diseases and adverse environmental
conditions are frequently encountered and must be
overcome.
This bulletin has been prepared to
give growers, whether they be experienced or
new to tomato culture, an outline of the more
important cultural practices involved in 'producing satisfactory
crops. Common diseases
and pests are described and where possible
recommendations
for their control are given.

RAISING SEEDLINGS
This concentration of formalin solution is
made by adding 1 fluid ounce (2 tablespoons)
of commercial formalin to 2± gallons of water.
Care must be taken to ensure that temperature of the formalin solution is accurately
maintained at 127° F. throughout the treatment. A higher temperature can impair the
germination of the seed, while lower temperatures may not control diseases such as bacterial
canker. Polystyrene insulated two-gallon containers, available from most general stores, are
ideal for hot water treatment of seed because
they maintain a constant temperature.
After hot water treatment, the seed should
be spread out to dry in a shady situation, then
dusted with an organic mercury dust before
planting.
More detailed information of tomato and
other vegetable seed treatments is available in
Department of Agriculture Bulletin No. 3395.

The majority of crops in Western Australia
are grown from transplanted seedlings. There
is, however, an increasing trend towards direct
seeding during the period of the year when
environmental conditions are favourable.
Raising seedlings is, perhaps, the most important phase of growing tomatoes from transplants. The performance of crops in the field
is closely related to health and vigour of the
seedlings planted.
Opportunities for infection of seed-bed soil
and seedlings during the period from seed
sowing to transplanting are numerous. Strict
hygiene and adoption of disease control measures are essential.
The first step towards raising disease-free
plants is to sow clean seed saved from only
healthy plants. However, it is not always easy
to diagnose disease in plants from which seed
is saved, and, as many growers purchase their
seed requirements, all seed should be hot-water
treated and dusted with a seed 'protectant
chemical before planting.

Selecting plants for seed
Some growers grow their own seed supplies
in preference to buying commercially grown
seed. The main advantage gained is the opportunity to select plants to suit local environment
and markets.

Hot water seed treatment

Tomato seed is treated for disease control
by soaking in 0.25 per cent. formalin solution
at 127° F. for 25 minutes.
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Details on the use of methyl bromide are
given in Department of Agriculture Bulletin
No. 3360.
Alternatively, soil mixes for raising seedlings
can be made up from inert materials which
will not require fumigation before use. Fine,
sharp white sand such as is used in making
silica bricks, if mixed with peatmoss provides
an excellent medium for raising seedlings.
The sand ensures free drainage and good
aeration, while the peat improves the moistureholding capacity. The low fertility of a sand
and peat mixture is also an added advantage.
Calculated quantities of nutrients can be added
without fear of complications from high nutrient
levels in the mixture.
A suitable soil mixture for tomato seedlings
can be made from three parts by volume of
white sand to one part of peatmoss. Nutrients
for soil mixes can be supplied by an almost
infinite ranges of mixtures of chemical fertilisers; however, a mixture which has given
satisfactory results is:8 oz. potassium nitrate
4 oz. potassium sulphate
3 lb. superphosphate
3 lb. lime
1 t lb. gypsum.
This mixture is sufficient for one cubic yard
of the sand and peat mixture. The fertiliser
material should be thoroughly mixed with the
soil and peat, preferably in a concrete mixer.
Minor elements are not added to soil mixes for
raising seedlings.

However, unless plenty of time and thought
is devoted to seed selection, it is better to buy
requirements from a reputable seed firm who
can regularly supply true-to-type uniform lines.
The procedure for saving seed involves careful selection and marking of plants which are
typical of the variety. This should be done
no later than when fruit on the first truss is
maturing.
The selected plants are then regularly inspected and any which develop symptoms of
disease or abnormality of growth are rejected.
A further selection of the best of these chosen
plants is made about the time when the third
bunch is maturing.
Final selection is based on vigour, freedom
from disease, trueness to type, yield and uniformity of fruit. Tomatoes from the first three
or four trusses only are saved for seed extraction. They are usually allowed to ripen on
the bunch but may be picked at an early
colouring stage and ripened in storage.
Seed extraction
The ripe fruit is halved and the pulp and
seed squeezed into a plastic bucket. The pulp
is frequently stirred over a period of two to
three days while fermentation takes place and
until most of the seeds are free from pulp and
settle out. Surface pulp containing
any light
seed is poured off. The remaining
seed is
repeatedly washed and drained until free of
pulp. It is then spread thinly on paper and

dried. Dry seed may be kept in airtight containers such as screw-top glass jars and will
retain its viability for several years.
Separation of seed from pulp can be hastened
if hydrochloric acid is added to the pulp. Use
1 fluid ounce of concentrated hydrochloric
acid to 5 lb. of pulp. The mixture should be
stirred from time to time over a period of
three hours. The seed should then be separated
and carefully washed several times in fresh
water to remove acid.
Care must be taken to carry out this extraction in a glass, wooden or plastic container
as hydrochloric acid is highly corrosive.

When to sow seed beds
Seed for early metropolitan crops is usually
sown in May or early June in seedling trays
or in specially constructed seed beds. In either
case, the seedlings are raised under glass or
plastic covers to give maximum protection from
wind, rain and frosts and to provide warmth.
The sites selected for the seed bed must be
well protected from cold winds and should
catch the sun from the north to north-east.
Seedlings for main crop plantings are raised
in seed boxes or beds in the open. Seed is
sown from late August until the end of December. Seedlings are ready for transplanting from
October, and planting out usually ends by February.
Geraldton and Carnarvon growers make their
first seed bed sewings during December so they
can plant out from February onwards.
If seedlings are to be grown through to transplanting into the field without pricking out, seed

Preparing seed beds and trays
Garden soil used for preparing seed beds or
filling seed trays should be treated with a soil
fumigant to reduce the chance of infection
of young seedlings from soil-borne diseases.
Methyl bromide is a suitable fumigant which
will kill nematodes, most weed seeds and soilborne pathogens. This chemical is also suitable for sterilising seed boxes or seed-bed
frames.
6

duction of spotted wilt or other virus disorders
to the seed beds.
·
Hardening seedlings
Planting out during July and early August
for production of early crops involves considerable risk of plant loss from cold and adverse
weather conditions, and plants should be
hardened before placing in the field. This is
accomplished by withholding water or exposing
them to lower temperatures to reduce growth
rate. In Western Australia severe frosts are
rare and tomato seedlings, irrespective of the
degree of hardening, cannot be made frostresistant. It is sufficient, therefore, to limit
hardening to judicious withholding of water
during the week before transplanting so that
plants accumulate a reserve of carbohydrate
and quickly overcome transplanting shock.
The day before transplanting, the seed beds
or trays should be thoroughly watered so plants
will be easy to move. Plants will suffer little
setback from transplanting if taken from the
seed bed with a block of soil around the stem
and roots. This is more easily done if a heavy
knife is run through the seed bed both ways
between the rows of plants.

may be planted in drills four inches apart and
thinned later to give a spacing of two inches
between plants in the row. Where pricking out
is planned, the seed is sown in rows two inches
apart with four to five seeds per inch of row.
The seedlings are pricked out at the first true
leaf stage and planted at no less than four by
two inch spacing.
Research has shown that earliest and highest
yield of tomatoes comes from plants which are
widely spaced in the seed bed. If the seed bed

space is available, it is desirable to space the
seedlings so that they can be kept growing
under protected seed bed conditions until they
are approximately 6 to 8 inches high with about
t inch diameter stems.
Care of seedlings
The young developing seedlings must not
be checked in growth or allowed to become
stunted. Careful attention to watering, temperature control and nutrition of plants is essential.
A liquid fertiliser applied when watering plants
will keep them growing healthily.
Insect pests such as leaf-hoppers and aphids
must be kept under control to avoid the intro-

PLANT SPACING

AND STAKING

Traditionally, staked tomato crops in Western Australia are planted in single rows approximately 3 ft. to 3 ft. 6 in. apart or in
double rows 3 ft. apart with 2 ft. 6 in. between
pairs of rows.
The spacing between plants in rows has
steadily decreased from something over 2 ft.
a few years ago to approximately 14 in. today.
At 14 in. spacing, plant numbers per acre vary
from about 11,000 to 13,500, depending on
whether a single or double row system is used.
Higher density plantings have been adopted
despite greater costs for plants, stakes, pruning
and harvesting because the higher yields per
acre obtained more than offset additional expenses.
Trials conducted at the Department of Agriculture's Vegetable Research Station, Medina,
with the Geraldton smooth-skin variety have
shown significant yield increases can be expected down to 12 in. spacing between plants
in rows 3 ft. apart. Even with 12 in. spacing

-·~~~~~~~~~~~~~~~~

Staked tomato crop. Double row system, rows 3 ft.
apart, pathways 2 ft. 6 in. wide, plants 14 in. apart
in the row.
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Tomato planting designed
for double
row staking.
Pathways 2 ft. 6 in. wide
and double roJVs 3 ft. apart.

density planting can be achieved without a
great deal of extra cost by planting double
rows with plants 12 in. to 14 in. apart both
in and between the rows, with 3 ft. to 3 ft. 6
in. between the pairs of rows. The plants are
then supported on binder twine strings tied to
overhead wires.
The yield per plant at this spacing is less,
but total yield per acre and percentage of
marketable fruit is much higher than from
traditional spacing. Increasing plants per acre
to this degree has not significantly affected fruit
size of the Geraldton smooth-skin variety in
trial plantings.
If stakes are used they should be placed in
position as soon as possible after the plants
are established to avoid root injury. The stakes
may be sawn jarrah of 1 in. x 1 in. cross-section
and 6 ft. to 7 ft. long or ti-tree sticks of similar
length,
Strainer posts with solid strutting are installed at the ends of each row to carry a
support wire which is positioned approximately
5 ft. 6 in. high for double rows or 5 ft. for a
single row. In the double-row system the
stakes are best tied to the support wire with
"tie wire" which is looped around each pair
of stakes where they meet at the wire.
Single row stakes are usually tied to the
support wire with binder twine. Some growers
use two wires with single stakes, one at about
2 ft. high and the other at 5 ft.

between plants in the row, additional
yield
increases of 20 per cent. have resulted where
between-row spacings have been reduced to
give up to 20,000 plants per acre. Such high

Single r01i1 system of staking. Rows 3 ft. 6 in. apart
and plants 14 in. apart within roJVs.
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Where strings are to be used instead of stakes
a strong binder twine is tied to each plant at
the base of the stem. It is wound loosely around
the main stem and tied to an overhead wire
strung between strainer posts. Alternatively,
an additional wire may be used 5 to 6 in. above
the ground. Binder twine is tied to this and

then wound around the stem of a plant and
tied to the overhead wire. Additional support
is given to the overhead wire by 2 in. x 2 in.
wooden posts or steel star pickets placed at 50
ft. to 60 ft. intervals.
It is foolish to skimp in the erection of support wires for tomato stakes or strings as they
have to carry a great weight as the crop matures.

TOMATO NUTRITION
The growing period of tomatoes may be as
long as six months and yields of fruit of up to
100 tons per acre may be produced.
The
nutrient requirements of the crop are therefore
high.
The main nutrients needed by the tomato
plant are nitrogen,
phosphate
and potash.
However, calcium and magnesium
are also
important.

before or at planting time. Most tomato crops
in W.A. are grown on sandy soils and hence
the principles involved in fertilising tomatoes
on sand will be of most interest to local growers.
Virgin sandy soils are inherently infertile and
do not contribute significantly to the nutrient
needs of crops. Their free drainage and poor
water-holding capacity allows ready leaching
of added soluble chemical fertilisers beyond
the root zone of plants. It is therefore sound
practice to incorporate organic manure to
improve water and fertiliser holding capacity.
Many types of material may be used, including
deep litter poultry manure, horse manure or
wool securings. The quantity to apply will
depend on the previous cropping history of the
ground and the type of material available.
Generally 10 tons per acre of material such as
poultry manure is an adequate dressing.
Bulky manures containing large amounts of
straw should be thoroughly mixed with the
soil well before planting time to allow soil
micro-organisms to effect decomposition.
As
well as improving water-holding capacity of
sandy soils, organic manures add worthwhile
quantities of plant nutrients.
Following are
analyses of organic materials.
Analysis of organic manures' major nutrients
Dry basis per cent.

Removal of nutrients
A tomato crop producing 50 tons of fruit
per acre removes from the soil approximately
500 to 600 lb. of nitrogen, 150 to 200 lb. of
phosphate as P,Os and 1,000 to 1,200 lb. of
potash as K,O.
- A higher yielding crop would remove proportionately more nutrients. In terms of com-

mon commercial fertilisers this is equivalent to
2,500 to 3,000 lb. of sulphate of ammonia,
650 to 1,000 lb. of superphosphate and 2,000
to 2,400 lb. of sulphate of potash. This is a
total of nearly three tons of chemical fertiliser
per acre.
As well as the removal of nutrients by the
crop, there is often a considerable loss of
soluble nutrients through leaching.
This is
particularly the case on sandy soils if irrigation
is excessive.
The aim of a fertilising programme should be
to provide the nutrients required by the crop
without causing a damaging accumulation of
salts in the root zone of the plants.
Some of the nutrient requirements of plants
may be met from soil reserves present naturally in highly fertile soils, such as rich loams
or peats, or may come. from unused fertilisers
applied to previous crops. Generally, however,
most of a crop's nutrient needs must be applied
either in organic form as manures or as chemical
fertiliser.
When to fertilise
Because a tomato crop requires such a large
total quantity of nutrients it is not practicable
to supply them all as a single basic dressing

Fowl manure (deep litter)
--------i--S-a_m_p_le_l_S-ample
2 Sample

I

Nitrogen (N)
Phosphorus (P)
Potassium (K)

;---2.39
1.62
1.17

!

2.09
0.89
0.74

I

I

3.92
2.30
1.32

Sewage sludge
Nitrogen (N)
Phosphorus (P)
Potassium (K)

4.56
1.97
0.11

3.98
1.80
0.18

3.89
l.50
0.20

--------------------------------

Horse manure
Nitrogen (N)
Phosphorus (P)
Potassium (K)

1.14
0.23
1.48

0.92
0.26
0.89

0.60
0.15
0.55

---------------------------------
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for both major and minor nutrients. The "late
crop" was transplanted on the lst January.

The nutrient requirements of a tomato crop
increase as the plants develop from seedlings to
full bearing. If the total amount of fertilisers
needed to produce, say, 50 tons of fruit per
acre were applied at planting out, it is likely
that the plants would be damaged by the highly
concentrated salt solution which would result.
Further, much of the soluble portion of the
fertiliser would have leached past the root zone
before the plants had grown to the stage where
their requirements were greatest.
Applications of fertiliser therefore need to be
carefully planned to give an adequate supply of
soluble nutrients for best growth throughout all
stages of development without any damaging
effects.
Young seedlings planted in the field in July
for production of early metropolitan crops will
have limited fertiliser requirements up to the
time of first fruit set. After this, the needs of
the crop increase to a peak just after first
harvest. They will taper off again as the crop
finishes production.
Phosphate requirements of tomatoes are not
high and this fertiliser, not being readily soluble,
does not easily leach. Most of the crop's requirements can be met by a single base dressing
before planting. A half ton per acre of superphosphate or potato manure E, depending on
the fertiliser history of the area and the quantity
of organic matter used, can be broadcast onto
and mixed with the soil before transplanting.
Following the establishment of young tomato
seedlings, regular dressings of fertiliser containing nitrogen and potash should be made.
The interval between applications should not
exceed 14 days if the crop is grown on sandy
soil. The amount of fertiliser for each application is decided according to the size and needs
of the plants. The period between transplanting and completion of harvest is usually 20 to
24 weeks.
One way of dividing the fertiliser to
adequately supply plant requirements at the
various stages of growth is to allocate oneeighth of the total side dressing fertiliser to
the first six weeks from transplanting, onequarter to each of the following three months
and one-eighth to the last month. The monthly
allocation can then be further subdivided, depending upon whether applications are made
at 10- or 14-day intervals.
The example (page 11) of one grower's fertiliser schedule shows how applications were
timed to meet the needs of developing plants

Choice of fertilisers
The great range of fertilisers available may
make it difficult to decide whether to use a
commercial mixture, the ingredients of which
may approximate the requirements for tomatoes, or to make up special mixtures.
The main considerations in making this decision are comparative costs and suitability for
the particular crop and soil in which it is being
grown.
All commercial fertilisers sold in W.A. must
be registered annually with the Department of
Agriculture. Periodical sampling ensures that
their registered analyses are maintained, and a
list of all registered fertilisers is published each
year by the Department.
With this list it is possible to compare fertiliser values by calculating unit values for each
ingredient that a mixture supplies.
The matter of suitability of mixtures or their
ingredients for particular crops and soils is
more complex and depends not only on soil
type, but seasonal conditions of temperature
and rainfall and previous fertiliser history.
The following brief discussion on each of
the major nutrients, nitrogen, phosphate and
potash, gives background which might assist
in determining fertiliser programmes.
Nitrogen
The availability of fertiliser to plants, particularly nitrogen, is greatly influenced by temperature and the form in which it is applied.
Nitrogenous fertiliser may be in ammonium.
nitrate or urea form.
'
The ammonium form is water soluble but
needs to be converted to nitrate by action of
soil micro-organisms before it is available to
crops. This is not a problem in summer months
but in cold weather, such as when early-crop
tomatoes are being established, ammonium
forms of nitrogen are slow acting. Ammonium
nitrogen is also rapidly fixed in the soil by
absorption by colloid materials. It is therefore
resistant to leaching by rain or excessive irrigation until converted into nitrate form.
Nit
f
f ·
1
rate orms O mtrogen give more rapid
response than the ammonium types but, being
soluble and mobile, are readily leached with
heavy rainfall or excessive irrigation. This disability can be overcome in practice by making
several light applications of nitrate fertiliser
during the period of growth of the crop.
10

EXAMPLE

FERTILISER APPLICATION SCHEDULE
Programmes

Date
Between December
and 7

I

Preplant operations
( 1) Basic fertiliser dressing
Apply 10 tons of fowl manure, 10 cwt. of superphosphate and
100 lb. of *minor element mixture as a broadcast dressing.
Thoroughly incorporate.
(2) Fertiliser mixing
Thoroughly mix24 cwt. sulphate of potash
18 cwt. ammonium nitrate
10 cwt. blood and bone.

January

l

Transplant seedlings
Side dressings

January 14

(1) Apply 3 cwt. per acre of fertiliser mixture.

January 28

(2) Apply 3 cwt. per acre of fertiliser mixture.

February 11

(3) Apply 5 cwt. per acre of fertiliser mixture.

February 25

(4) Apply 5 cwt. per acre of fertiliser mixture plus 50 lb. of minor
element mixture.

March 11

(5) Apply 5 cwt. per acre of fertiliser mixture.

March 25

(6) Apply 5 cwt. per acre of fertiliser mixture.

April 8

(7) Apply 5 cwt. per acre of fertiliser mixture.

April 22

(8) Apply 5 cwt. per acre of fertiliser mixture plus 50 lb. of minor
element mixture.

May 6

(9) Apply 5 cwt. per acre of fertiliser mixture.

May 20

(10) Apply 5 cwt. per acre of fertiliser mixture.

June 3

(11) Apply 3 cwt. per acre of fertiliser mixture.

June 17

(12) Apply 2 cwt. per acre of fertiliser mixture.

* The

minor element mixture

is made up according to the formula shown on page 12.

Urea is water soluble and when first applied
is available to plants. In soil solution it changes
to ammonium nitrogen which is then only available following conversion to nitrate by microorganisms.
Because most nitrogen fertilisers are readily
soluble they can be applied pre-dissolved in
irrigation water or as a dry dressing to the
surface soil and later dissolved during irrigation.
Combination forms of nitrogen fertilisers
such as calcium ammonium nitrate offer the
dual advantages of readily available nitrate
nitrogen for quick response and more slowly

available nitrogen supplies from the steady
conversion of ammonium nitrogen to nitrate.
Potash
Potash is available as muriate (chloride) or
sulphate of potash. The unit cost of potash is
lower in the muriate form. However, sulphate
has a lower salt index and is recommended for
tomatoes which must be heavily fertilised.
Potash salts are soluble in water and do not
readily form unavailable compounds in the
soil. They are therefore subject to leaching
and on free draining sandy soils several applications during the life of the crop are necessary.
11

Minot' elements
In addition to nitrogen, phosphorus and
potassium there are many other elements which
tomatoes need for satisfactory growth. Most of
these are required in minute quantities only.
However, though the quantities might amount
to only a few parts per million of plant tissue,
their presence is just as essential as the major
elements such as nitrogen, phosphorus or
potassium.
Organic manures contain some minor elements and heavy applications may adequately
supply crop requirements of essential trace
elements. However, it is generally safer when
growing tomatoes on sand to apply a minor
element mixture. A suitable mixture is:Manganese sulphate
45 lb.
Epsom salts
50 lb.
Borax
30 lb.
Iron sulphate
30 lb.
Bluestone
30 lb.
Zinc sulphate
25 lb.
Sodium molybdate
2 lb.

Phosphate

The cheapest form of phosphate sold is
superphosphate which is not readily soluble.
Phosphate is absorbed by soil colloids and gives
stable forms which are not available to plants.
The greater the contact between phosphate
fertiliser and soil colloid the more readily it
is fixed to it and unavailable to the crop. For
this reason on clay soils which are high in
colloids, phosphate is usually applied in a
band near the plant roots rather than broadcast generally over the area.
Sandy soils which have little clay content do
not "fix" phosphate fertilisers to the same extent
as clay soils and hence rates of application for
sands may be considerably lower and banding
is not as important.
Although the total quantity of phosphate
required by a tomato crop is not high compared with nitrogen or potash, this element
must be available from early in the life of a
plant. An adequate level of phosphate is essential in seed beds and in the soil into which
seedlings are transplanted.
Low levels of phosphate in the seed bed
can cause poor setting of the first fruit trusses
and a high percentage of cat face fruit.
Because of the low solubility of superphosphate it is best applied to tomato-growing
ground before planting out.

Total

212 lb.

This mixture may be applied in two or three
dressings as suggested in the schedule on page
11.

PRUNING
upon the weather conditions and the requirements of the grower.
The laterals grow from the axil or junction
of the leaf with the stem, and if left will form
new stems or branches. In pruning, these
growths are removed so that the main stem
or stems are able to develop freely. Care must
be taken not to remove the flower clusters
which form along the main stem, usually every
three leaves. During early plant growth, suitable laterals are left to form main leaders and
these, as they grow, are trained to stakes.
Where two leaders are required, it is usual to
allow the lateral immediately below the first
fruit truss to remain, as this one is generally
more vigorous. Laterals which form after this
are removed as required.
Some growers make a practice of removing
the growing points of the plants after five or
six bunches of fruit are set. This process is
sometimes referred to as "topping".

The tomato plant, besides forming one main
stem, can form many secondary stems which
are generally called laterals or leaders. On
some varieties the growth of leaders is restricted
since they end in a cluster of flowers or fruit.
They are often referred to as "self topping"
varieties and are generally grown as a ground
crop without staking or pruning. Other varieties
are tall growing or "indeterminate" as they do
not terminate in a flower cluster.
These
varieties do best when staked and pruned. The
majority of commercial tomato crops grown in
Western Australia are staked and pruned.
Pruning controls the number of laterals so
larger, better quality fruit will be produced,
and ensures that fruit receives sufficient light
and heat during the cooler spring and autumn
months. Pruning, however, tends to reduce
overall yield .and may result in sunburn injury
to fruit in hot weather. The extent to which
pruning is carried out therefore depends largely
12

Remember that pruning, whether done with
a knife or fingers, provides the means of spreading serious diseases such as bacterial canker.
It is - recommended
that a knife be used in
preference to pinching out the shoots with the
fingers and the knife should be dipped in a
disinfectant solution after each plant is pruned.
A suitable disinfectant solution is a l per cent.
solution of cetrimide
(sold commercially
as
Cetavlon).

Care should be taken when topping early
crops that the fruit set on the top truss is not
exposed.
A few leaves should be left as protection against sunburn.
There is little justification for topping late
crops which, given mild weather conditions such
as occur in some years, may go on producing
valuable fruit well into the winter.

IRRIGATION
Tomato growing areas in Perth metropolitan
market gardens are sprinkler irrigated, while at
Carnarvon and Geraldton furrow irrigation is
generally used. Both methods aim to provide
optimum moisture conditions in the soil where
the plants' roots are located.
How much water and how frequently it
should be applied to achieve this aim is often
the subject of discussion between growers.
To answer these questions, it is necessary to
appreciate basic soil moisture relationships and
the way in which irrigation affects them.
Soils differ greatly in their ability to hold
water against downward movement.
The
amount of water retained 24 to 48 hours after
irrigation is referred to as "field capacity".
This may be less than l inch of water per
foot of soil for sand or more than 3 inches per
foot for some clay soils.
There is also a great deal of difference in
the availability of water to plants from different
soils. The point at which plant growth ceases
when moisture is no longer available because
it is held by tension greater than the suction
pressure of plant roots is known as "wilting
point". For many soils the moisture content
at "wilting point" is about half of field capacity.
The amount of water held by the soil between
field capacity and "wilting point" is the amount
available to support plant growth. In practice,
irrigation is usually applied when 50 per cent.
of the available moisture has been used by
the crop.
Tomato roots will grow down to 4 feet or
more, but the majority of roots are located
in the top 2 feet, with perhaps half of the total
root growth in the top foot. The plant's draw
on available moisture is, therefore, heaviest in
the surface layer where the majority of the roots
are located. If irrigation is applied when 50
per cent. of available moisture from the top
2 feet has been used, the surface foot may

contain only 30 per cent. while the 12 in. to
24 in. zone may still contain 70 per cent. of
the available moisture.
How much water is needed?
Weather conditions greatly affect the amount
of water used by crops in much the same way
as temperature and wind affect the evaporation
of water from a shallow open container such
as a bowl. Generally, loss of moisture from
crops is a little less than this and the relationship varies for different species of crop. Percentages have been calculated which relate
water usage by plants to evaporation from a
free water surface such as in a bowl. In arid
areas, such as those in which many tomato
crops are grown in W.A., plants lose about
90 per cent. of that which would evaporate
from a free surface.
Growers can determine approximate evaporation by measuring loss of water from a half
44-gallon drum mounted near their crop. If
the evaporation figure is 200 points (2 inches)
per week, a tomato crop would require 180
points of water added to the root zone weekly.
As some of the water applied by sprinklers
is lost before it gets into the soil and root zone
of plants, it is usually necessary to allow up to
20 per cent. to compensate this loss when
calculating irrigation requirements.
Frequency of irrigation
If irrigation is applied when 50 per cent.
of available soil moisture has been used the
maximum period between waterings can be
calculated for any soil type provided that
evaporation figures are known.
If ~vap?ration is 200 points per week, and
allowing for the crop factor for tomatoes the
daily moisture requirement is'
200 x 0.9
---= 26 points (approx.)
7
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On a sandy soil which may hold only one
and a half inches in the top two feet, the crop
would take 75/26 or 3 days to use 50 per
cent. of the available moisture in the top two
feet of soil.
Most metropolitan
area tomato
growers
sprinkler irrigate tomatoes on sandy soils daily
during warmer months, and the majority would
apply 20 to 30 points of water on each occasion. This frequency and rate of application

adequately supplies the moisture needs of the
crops but encourages development of roots in
the surface layers of soil. This is not necessarily a disadvantage, but increases the problem of maintaining adequate amounts of the
more soluble fertilisers in the root zone. For
full benefits of irrigation to be obtained, it is
essential that enough nutrients are present to
ensure continuous and vigorous growth. In
practice, this is achieved by frequent light
applications of fertiliser.

FRUIT SETTING
Flowering will occur under an extremely
wide range of conditions but rather special
conditions are required for satisfactory fruit
setting. As high yields are dependent on good
fruit setting, it is in every grower's interest to
know something of the factors affecting setting.
Temperature, nutrition and injury caused by
pests or diseases are particularly important.
Fruit setting normally occurs when pollen germinates on the flower stigma causing pollen
tubes to grow down the style to fertilise ovules
in the ovary.
Fruit setting is usually poor if temperatures
are very high or abnormally low. Mean maximum day temperatures of 90° F. or higher and
mean maximum night temperatures above 70°
F. will result in poor setting. Night temperature
is even more critical than day temperature, al-

though high day temperature accompanied by
high light intensity such as occurs from December to March is adverse to fruit setting. At
temperatures below 5 5 ° F. fruit also fails to
set.
Shading fruit on summer crops by close
spacing, limited pruning and use of irrigation
to reduce night temperatures can greatly assist
fruit set. Good fruit setting is also associated
with balanced vegetative growth achieved by
maintaining a satisfactory balance between
levels of nitrogen and carbohydrates in the
plant. Excessively high levels of nitrogen result
in rapid development of foliage with a tendency
to flower shedding before setting takes place.
Damage to flower parts by insects such as
thrips can also cause imperfect pollination and
fruit set.

CULTIVATION AND WEED CONTROL
It is important to keep tomato plantings free
of weeds. Shallow cultivation will serve this
purpose. Deep cultivation in the vicinity of
plants not only damages feeder roots, causing
poor growth and yield, but may also initiate
root injuries which allow the entry of fungous
or bacterial organisms. Bacterial canker is one
disease which can be spread by careless cultivation.
Many growers are now using herbicides for
the control of weeds in row crops and diphenamid (Dymid*) has proved a useful herbicide
for tomatoes. It may be applied to a weed-free
seed bed soon after direct seeding in the field.
Alternatively, for transplanted crops it may be
applied just before transplanting. The recommended rate of application is 5 lb. of active
ingredient per acre. The chemical is activated
by moisture and hence, where possible, over-

head irrigation should follow soon after application.
Trifluralin (Treflan*) may also be used on
tomato growing areas and is best applied and
incorporated into the top few inches of soil
up to six weeks before transplanting. Trifluralin controls most annual grasses. The rate
of application is 2 pints per acre.
Dimethyl (Dacthal*) is a herbicide which
can be applied to transplanted crops up to six
weeks after setting in the field. This chemical
will not kill weeds once they have appeared
above the ground, but it will kill a number of
weed seeds as they germinate. If weeds are
already present between the rows it may be
necessary to cultivate or band-spray with
gramoxone before applying dimethyl. The rate
of application of dimethyl is 10 lb. per acre of
active ingredient.

* Trade names
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Fruit malformation. Damage to flower parts by insects or adverse weather
and fruit set, with consequent malformation of fruit.

HARVESTING,

GRADING

can result in imperfect pollination

AND PACKING

transport without bruising. Generally, the appearance of light pink or orange colour at the
blossom end of fruit is desirable before harvest
unless the fruit is to be sent to distant markets.

The time from planting out to maturity of
first fruit is approximately 10 weeks for summer crops but up to 14 weeks for early spring
or autumn planted crops.
The stage at which tomatoes should be
picked depends upon the period of time which
will elapse before the fruit is used and the
temperatures at time of harvest.
Growers in areas which are a considerable
distance from markets, e.g., Geraldton and
Carnarvon, are forced to pick fruit at a much
earlier stage of maturity than metropolitan
growers. However, care must be taken not
to pick immature fruit which will not ripen.
Fruit picked at early maturity is much more
difficult to grade for quality than fruit which
has already started to colour. Disorders such
as internal browning, blotchy ripening or greenback are difficult to detect in green fruit but are
obvious in coloured fruit.
Minute skin blemishes on green fruit caused
by abrasion or early fungal attack can become
unsightly scars or areas of breakdown by the
time fruit reaches the consumer. However, on
the other hand, fruit allowed to fully ripen on
the plant is extremely difficult to handle or

Tomatoes for local markets. Fruit arranged in dump
iarrali cases but not pattern packed.
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Half ripe tomatoes

in pinewood

bushel

Accepted size groupings areSmall
1 t m. to 1 t in. diameter
Medium 1 t in, to 2 in. diameter
No. 1
2 m. to 2t in. diameter
Large
2t in. to 4 in. diameter
Fruit should first be graded for colour and
then sorted for size within each colour grade.
It is important that only fruit of uniform colour
and size is placed in each pack.
In all grades the fruit must be firm and
sound. Grub-damaged, cracked, puffy or misshapen tomatoes must not be packed.
The most popular pack for tomatoes for
local market is the dump case which holds
approximately 50 lb. of fruit. Sometimes this
case is pattern packed, but more usually is
loose-filed. Other packs include three-quarter
bushel flat and half dump cases. Fruit in cases
of these sizes is pattern packed.
In recent years there has been an increase
in the use of cardboard cartons for marketing
tomatoes.
The carton most commonly used
is designed to hold 28 lb. of fruit.
Containers for tomatoes should be new,
irrespective of size or whether they are wood
cases or cardboard cartons. The additional cost
of new containers is nearly always offset by a
higher return.
If, for any reason, old cases must be used
for marketing fruit, the ends should be carefully scraped to remove old brands.

boxes.

As far as possible, fruit should be picked
to a uniform standard of maturity. This will
reduce the number of gradings in which the
fruit will need to be packed. However, all
fruit suitable for market should be removed.
A great deal of time is saved if two picking
tins are used; good marketable fruit is placed
in one and blemished or marked fruit in the
other.
Unmarketable fruit should not be
thrown on to the ground.
At all stages from harvest to consignment to
market, the fruit should be handled carefully.
Rough handling during and after picking causes
skin cracks and abrasions which allow the entry
of rat or mould organisms.
Grading and packing
Tomatoes exported overseas or to eastern
States must comply with Commonwealth export grading regulations or with the grading
regulations of the importing State.
There are no grading regulations for tomatoes marketed within Western Australia. However, there are certain standards regarding size
and maturity of fruit which have been adopted
by growers, auction firms and market agents.
Cases are branded by growers according to
these standards and buyers are quick to associate growers' names with the consistency and
quality of their fruit and case markings.
Three colour grades are recognised: these
are green, semi-ripe and ripe. Green fruit
may be green to creamy green in colour, but
should not be immature.
Semi-ripe fruit shows at least some pink or
red colour on the blossom end of the fruit.
Ripe fruit has colour well developed over twothirds of the fruit.

Green fruit in cardboard cartons.
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COST OF PRODUCTION OF
STAKED AND PRUNED TOMATOES
The following table gives an estimate of
the costs and returns of growing one acre of
tomatoes.
A saleable yield of 50 tons per acre has
been assumed in the example. Cost and return
figures for a range of yields have been shown
in tabulated form for easy reference.

It is not suggested that any grower should
modify his cropping practices to fit the example
given. It should be possible, however, to use
the example as a source of information
on
likely costs and returns and to adjust the
figures where necessary to suit particular situations.

ESTIMATE OF COST OF PRODUCTION OF ONE ACRE OF TOMATOES
FIFTY TONS OF FRUIT IS MARKETED
Capital Investment

Costs Per Acre
Total
Cost
$
Irrigation Equipment (10-year
life)-Pump, main, laterals,
etc.
2,000. 00
Stakes (8-year life)-13,000 at
$25 per 1,000 .
325.00
Posts (10-year life)-250 at
$ I . 50 each
375. 00
Wire (3-year life)
48.00
Total..
A.

$2,748.00

Plant Costs
From Seedlings (Nursery grown)13,000 seedlings at $12.00 per 1,000 .. .
Transplanting
labour-20 hours at
$1.50 per hour

FROM WHICH

Disease and Pest Control
Seasonal
Cost
$

$
Preplant Fumigation-20 gallons Shell D.D. at
$2. SO (cost spread over tomatoes and
another crop)
2 gal. trichlorphon (" Dipterex ") at $21. 30
4 pints dimethoate (" Roger ") at $36 per gal.
4 pints dicofol (" Kethane ") at $4 per pint
4 pints tetradifon (" Tedion ") at $4.50 per
pint
2 gal. white oil at $3 per gal. .
28 lb. "Maneb" at $1.32
28 lb. "Zineb" at $0.93
Formalin for dipping sticks and posts and
labour involved
Cetrimide for pruning and canker control .
Application and fumigants and sprays-60
hours at $1. 50

! 00. 00
41.00
37. 50
16.00
$194.50
$
156. 00

25.00
42.60
18.00
16.00
18.00
6.00
37.00
26.00
12.00
3.00
90.00

30.00

293.60

186.00
B.

From Seed (Field Seeded)4 ozs. Tomato seed
Seeding--4 hours at $I. SO per hour .
Thinning-12 hours at $1.50 per hour

Irrigation
10.00
6.00
18.00

$
26.00
36.00

45 hours pumping at 58 cents per hour
Labour for irrigation-24 hours at $1.50

62.00

34.00
Fertiliser and Manure
IO tons Fowl Manure at $4
l ton Superphosphate .
Ii tons Sulphate of Potash at $96 per ton
I! tons Calcium Ammonium Nitrate at $65. 50
per ton
200 lb. mixed minor elements
} ton Blood and Bone
Labour for mixing and applying fertiliserten applications, 80 hours at$ I. SO per hour

$
40.00
9.50
120.00

Cases, Harvesting, Grading and Transport
2,250 new cases at SS cents
Picking, grading, packing and transport of
2,250 cases at 50 cents per case

97. 30
45.00
40.00

1,125.00
2,362. so

120.00

Cleaning Up
$

471.80
Cultivation, Staking, Pruning and Tying
Preparatory working
Weed Control-5 lb. Dymid SOW per acre.
Labour for hand weeding and application of
herbicide-24 hours at $1.50 per hour.
Labour for erecting posts and stakes-60 hours
at $1.50
Pruning and Tying-5 times during growing
period-280 hours at $1.50
4 rolls Binder Twine at $3

$
1,237. SO

Labour for cleaning up, burning plant refuse,
taking down posts and stakes, and dipping
in formalin-SO hours at $1.50

$
10.00
29.00

75.00

Other Costs

36.00

Land (Rental Value)
Tractor, Truck and Spray Equipment

90.00
420.00
12.00

$
30.00
50.00
80.00

Total All Costs

597.00
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$4,322.40

ESTIMATED TOTAL COST OF GROWING

AND MARKETING

ONE ACRE OF STAKED AND PRUNED TOMATOES

Market Selling Commission Allowed-ID per cent
--------

Average

No. of Cases
Sold per Acre

2

3

3,210
3,460
3,710
3,960
4,210
4,460
4,710
4,960
5,210
5,460
5,710
5,960
6,210
6,460
6,710
6,960

1,000
1,200
1,400
1,600
1,800
2,000
2,200
2,400
2,600
2,800
3,000
3,200
3,400
3,600
3,800
4,000

GROSS

3,410
3,700
3,990
4,380
4,570
4,860
5, 150
5,440
5,730
6,020
6,310
6,600
6,890
7,180
7,470
7,760

I

2
I
I

....

....

..

·

2,000
2,400
2,800
3,200
3,600
4,000
4,400
4,800
5,200
5,600
6,000
6,400
6,800
7,200
7,600
8,000

II

1

ESTIMATED

I

I

NETT

I
'
j

I
I

,
;
j

i
i
[

I

I
1

3,000
3,600
4,200
4,800
5,400
6,000
6,600
7,200
7,800
8,400
9,000
9,600
10,200
10,800
11,400
12,000
RETURN

4

I

PER ACRE

8

3,710 I
4,060
4,410 ;
4,760 i
5,110 j
5,460 i
5,810
6,160 j
6,510 I
6,860
7,210 I
7,560
7,910
8,260
8,610 !
8,960 J

I

I

AND PRUNED

Price per

5

4,000
4,800
5,600
6,400
7,200
8,000
8,800
9,600
10,400
11,200
12,000
12,800
13,600
14.400
15,200
16,000

(Dollars)

7

I

3,610
3,940
4,270
4,700
4,930
5,260
5,590
5,920
6,250
6,580
6,910
7,240
7,570
7,900
8,230
8,560

PER ACRE FOR STAKED

3

I

6

3,510
3,820
4,130
4,440
4,750
5,060
5,370
5,680
5,990
6,300
6,610
6,920
7,230
7,540
7,850
8,160

Average

No. of Cases
Sold per Acre

1,000
1,200
1,400
1,600
1,800
2,000
2,200
2,400
2,600
2,800
3,000
3,200
3,400
3,600
3,800
4,000

I

RETURN

5

4

3,310
3,580
3,850
4,120
4,390
4,660
4,930
5,200
5,470
5,740
6,010
6,280
6,550
6,820
7,090
7,360 I

Price per Case

Case

I

FROM STAKED

Market Selling Commission A/lowed-IO

'
!

I
,

6.770
7,140 I
7,510
7,880
8,250 i
8,620 I
8,990
9,360

I

3,910
4,300
4,690
5,180
5,570
5,860
6,250
6,640
7,030
7,420
7,810
8,200
8,590
8,980
9,370
9,760

i

4,010
4,420
4,830
5,240
5,650
6,060
6,470
6,880
7,290
7,700
8,110
8,520
8,930
9,340
9,750
10, 160

I
!

i

I
•
1

I

I
i
I

I

TOMATOES

I

7

6,000
7,200
8,400
9,600
10,800
12,000
13,200
14,400
15,600
16,800
18,000
19,200
20,400
21,600
22,800
24;000

!

10
I

(Dollars)

6

5,000
6,000
7,000
8,000
9,000
10,000
11,000
12,000
13,000 1
14,000 1
15,000
16,000
17,000
18.000
19,000
20,000 I

3,810
4,180
4,550
5,020
5,390
5,660
6,030
6,400

9

i

I

I
I

7,000
8,400
9,800 I
11,200 I
12,600
14,000
15,400
16,800
18,200
19,600 I
21,000
22,400
23,800
25,200
26,600 I
28.000 I

AND PRUNED
per cent

8
8,000
9,600
11,200
12,800
14.400
16,000
17,600
19,200
20.800
22,400
24,000

9

I
I

.
•

I
,

I

I

i

25.600
27,200 I
28,800
30,400
32,000 I

9,000
10,800
12,600
14,400
16,200
18,000
19,800
21.600
23,400
25.200
27,000
28,800
30,600
32,400

34,200
36,000

I

10
I
·---I 10,000
12,000
14,000
16,000
18,000
j
20,000
i
22,000
24,000
26,000
28,000
. 30,000
! 32,000
34,000
I 36,000
38,000
40,000

I
I

TOMATOES
··-----

Average

No. of Cases
Sold per Acre

2

3

4

Price per Acre (Dollars)

5

!

6

7

8

9

10

.

1,000
1,200
1,400
1,600
1,800
2 ,000
2 ,200
2 ,400
2 ,600
2 ,800
3 ,000
3 ,200
3 ,400
3 ,600
3,800
4 ,000

....
....

....

....
....

•···

....
....

....

....
....
....
....
....
....

-1,210
-1,060
910
760
610
460
310
160
10
140
290
440
590
740
890
1,040 I

-

-310
20
350
680
1,010
1,340
1,670
2,000
2,330
2,660
2,990
3,320
3,650
3,980
4,310
4,640

590
1,100
1,610
2,120
2,630
3, 140
3,650
4,160
4,670
5, 180
5,690
6,200
6,710
7,220
7,730
8,240

1,490
2,180
2,870
3,560
4,250
4,940
5,630
6,320 ,
7,010
7,700
8,390
9,080
9,770
10,460
, , • , 50 I
11,840

2,390
3,260
4,130
5,000
5,870
6,740
7,610
8,480
9,350 j
10,220 !
, , .090 I
11,960 .

u.
sso I
13,700
14,570
15,440
I
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3,290
4;340
5,390
6,440
7,490
8,540
9,590
10,640
11,690
12,740
13,790
14,840
15,890
16,940
17,990
19,040

4,190
5,420
6,650
7,880
9,110
,o.340
11,570
12,800
14,030
15,260
t6,49o
17,720
18,950
20,180
21,410
22,640

!
i

!

I
,

I

I
!

I
I

l

5,090
6,500
7,910
9,320
10,730
12,140
13,550
14,960
16,370
17,780
19, 190
20,600
22,010
23,420
24,830
26,240

5,990
7,580
9,170
10,760
12,350
13,940
15,530
17,120
18,710
20,300
21,890
23,480
25,070
27,660
28,250
29,840

VARIETIES
There are many tomato varieties and these
provide a wide range in size and type of plant,
shape, size and colour of fruit as well as yield,
earliness and disease resistance.
New varieties are being developed all the
time, but in selecting a variety for the fresh
market the grower considers the following
attributes:• Earliness or length of growing season.
• Yield.
• Fruit quality and suitability for market.
o Susceptibility to disease, cracking or
other defects.
It is usually wise to test new varieties in
sma11 plantings alongside a proven variety for
at least two seasons before discarding the older
type.
In this State, as most crops are grown for
the fresh market and are staked and pruned,
only varieties fitting this category are of great
interest. The following are some of the more
popular lines.

sistently shown a much lower incidence of this
disease. However, no claim has been made for
immunity.
Plants of this variety are exceptionally vigorous and of indeterminate type. For best results
the variety should be staked and pruned to
two leaders.
Minimum amounts of fertiliser
should be used until the bottom truss is set.
When used as an early crop, seed is sown
in June to provide seedlings for transplanting
in August.
Fruit is smooth and round with an average
size of 2t in. Colour, flavour and texture are

good.
Under stress or adverse growing conditions
the fruit is prone to radial and concentric
cracking.
CoJiege Challenger
College Challenger was developed at the
Hawkesbury Agricultural College from the
cross, Grosse Lisse by Tatura. The plants
and fruit are very similar in appearance and
maturity to Grosse Lisse but yield is usually
higher.
In recent years this variety has become
popular with growers in the Hills districts near
Perth.
Grosse Lisse
Grosse Lisse is a popular variety for midseason crops both in the metropolitan area and
Hills districts.
Plants are vigorous and leafy and provide
good fruit protection. Fruit trusses usually
carry five to eight fruit.
Fruit is large, globe-shaped, with a mediumsized calyx scar. Colour, flavour and texture
are good. Fruit are prone to become puffy and
flat-sided where fertilising and watering programmes are not carefully controlled.
Early Crinkly
Early Crinkly is a local selection from an
unidentified high-yielding variety of the crinkly
or Chinese type and is the earliest maturing
tomato grown in Western Australia. It has
been the principal early variety for many years
but is being replaced by the smaller-fruited
Geraldton Smoothskin variety.
Fruit of the Early Crinkly variety is large
and flattened, with a large calyx scar. Fruit
colour is good. Under adverse conditions this
variety may produce a high percentage of
malformed or "Cat Face" fruit. Plants are
vigorous and indeterminate.

Geraldton Smoothskin
Geraldton Smoothskin was originally selected by Geraldton tomato growers from an
unknown smooth skinned variety. It is now
the commonly grown variety. Many growers
save their own seed and individual selection
programmes have resulted in many variants of
the variety.
Plants are medium to tall, vigorous and indeterminate. They are high yielding and early
maturing. Trusses are large and may carry 12
to 18 fruit. Fruit is small to medium with good
colour, particularly in spring and autumn.
Calyx scar and core are medium. Fruit is firm
with medium tough skin which enables it to
withstand handling and transport with little loss
of appearance or quality.
The variety is subject to greenback and hard
core during summer months. Fruit seldom exhibits radial or concentric cracking.
R9 Pll
R9 Pl I is field resistant to tomato spotted
wilt virus, and was bred by the Department of
Agriculture's Plant Pathology Section.
The variety was developed to provide an
early round-fruited type with spotted wilt resistance to replace the early crinkly variety.
Resistance to tomato spotted wilt is derived
from two Argentine varieties, San Manzano
and Rey de los Tempranos, and in side by
side tests with susceptible varieties it has con19

No. 1. The parents of this variety are Break
O'Day and Rouge de Marmande.
It is an early type with a tall, strong plant.
Fruit is smooth, medium sized and flattened
globe shaped. The fruit has some tendency
to puffiness and soft texture in high temperature conditions.

Hybrid varieties

Recently, hybrid tomatoes have become
available and are now favoured by some
growers for their uniformity and high yielding
ability.
A hybrid variety now popular with metropolitan growers in this State is Hawkesbury

PHYSIOLOGICAL

DISORDERS
In commercial crops the use of heavy rates
of soluble fertiliser materials which may hinder
the uptake of calcium can induce blossom end
rot. The disorder is, however, most prevalent
in this State in home gardens where nutrient
levels, including calcium, are low.
For many years blossom end rot was believed to be the result of unfavourable moisture
relationships. Although the role of moisture is:
important it is now considered to be secondary
to the mechanisms causing calcium deficiency.
Blossom end rot can be controlled by maintaining adequate levels of soluble calcium in
the root zone of crops. The use of superphosphate as a basic dressing at the rate of one-half
ton per acre is recommended for all light soil
areas which have not accumulated a good
supply of calcium from fertiliser dressings applied to previous crops.
Heavier rates of superphosphate are necessary on soils with a high phosphate-fixing
capacity.
The use of calcium ammonium
nitrate as a source of nitrogen in side dressings
is also helpful in improving the ratio of calcium
to other soluble salts.

Disorders which are not of fungal, bacterial
or viral origin are often grouped under the
heading of physiological diseases. They may
be caused by adverse growing conditions,
chemical injury or imbalance of fertiliser.
Some of the more common physiological disorders are discussed and illustrated below.
Blossom end rot
Commercial tomato growers seldom suffer
heavy losses from blossom end rot. However,
many home gardeners have found it difficult
to produce satisfactory tomato crops because
of its frequent occurrence during hot weather.
The first evidence of the disorder is the
appearance of a water-soaked patch at the
blossom end of fruit.
In the affected area
tissue breakdown is rapid and a large brown
or black area develops. The dead tissue may
dry, shrink and become leathery. Alternatively,
it may be attacked by fungi or soft rot organisms, resulting in collapse of the fruit.
Deficiency of calcium has been shown to be
the fundamental cause of blossom end rot.

Growth cracks
Cracking of tomtao fruits can result in heavy
losses as cracked fruit is unmarketable. Cracks
usually develop at the stem end of fruit and
may radiate from the stem or form almost
concentric rings around the stem on the
shoulders of the fruit. The cracks may be
only skin deep or may penetrate deep into the
flesh. Both types of cracking make the fruit
unsightly and provide places for entry of fruitrotting organisms.
Cracking is most common when rain occurs
immediately following a period of high temperatures. Radial cracking is more prevalent
on coloured than on green fruit, while concentric cracking is more likely to appear on
green fruit.

Blossom end rot. Sunken dark discolouration on
blossom end.
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Varieties
differ in their susceptibility
to
cracking and when a variety is found to be
consistently
cracking in a particular
environment it should be discarded in favour of more
resistant types.

Concentric

Radial

Sunscald
It is unusual for sunscald · to cause heavy
losses in healthy crops, but in most summer
plantings a small percentage of fruit is damaged.
Crops which have been heavily pruned or
defoliated through disease or insect attack are
prone to sunscald during periods of intense
sunlight.
Injury first appears as white or yellow
patches on exposed portions of fruit.
The affected areas fail to colour as the fruit
ripens and the skin shrinks and hardens and
may become dry and papery.
Blotchy ripening
Blotchy ripening is also called internal or
vascular browning, cloud or bronzing. It first
becomes evident on green fruit as a grey-brown
discolouration. This results from dead internal
wall tissue showing through the green skin. As
the internal browning develops it can extend
to the surface and show as brownish or grey
sunken lesions.
On ripe fruit, affected areas fail to develop
a normal red colour and may stay green or
yellow. If affected fruit is sliced, dark brown
strands of vascular tissue may be seen in the
walls where uneven ripening occurs.
The cause of the disorder is not definitely
known. Evidence from many areas where it
occurs suggests that it is associated with both
environmental and nutritional factors. In some
instances the disorder appears in crops where
fertiliser applications are low in potash. However, as yet there is no recommendation which
can be given to prevent the disorder.

cracking.

cracking.

Internal browning.
Sliced fruit showing brown discolouration of vascular tissue and blotchy ripening.

Sunburn
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or sunsca!d. Light-coloured
leathery
characterises the disorder.

tissue

Cat face can result from any condition or
factor which upsets normal development and
fertilisation of flowers. The exact nature of
injuries which cause cat face are not known
but excessive cold or heat appear to be involved.
There is also evidence that low levels of
phosphate in the seed bed or in early stages
of growth may increase the incidence of cat
face.
Hormone injury

Puffy Fruit. Note the open cavities and flat-sided
appearance of side walls.

Puffy fruit

Puffy fruit is most prevalent in early or
winter-grown crops. Affected fruits are light
in weight and flabby walled as the locules are
only partly filled with pulp and seed. There
is usually a tendency for fruit to be flattened
in the sections between inner walls.
Puffy fruit is usually related to environmental or nutritional factors. Excessive nitrogen
and high moisture have been shown to be
contributing causes.
Under local growing conditions maintenance
of a high potash level in the fertiliser mixture
has been found effective in reducing the incidence of puffiness.

Tomato plants are susceptible to injury from
growth regulating chemicals such as the hormone-like herbicides. Even minute traces of
chemicals such as 2,4-D, which is used for
controlling weeds in wheat crops, can cause
severe distortion of fruit and foliage. The
symptoms of distortion start with malformation
and spiral twisting of leaves and leaflets of
terminal growth, causing a fern-like appearance. New leaves show marked narrowing and
curling. Fruit-set is affected and fruit formed
may be pear-shaped and seedless. Veins in
leaves of affected plants appear more distinct
than in normal tissue and tend to run parallel
to the midrib,

Cat face
Cat face is malformation of the blossom end
of tomato fruit. It occurs to some degree in
practically all tomato crops but is generally of
minor significance.

Hormone injury. Malformation of fruit which is
pear shaped or tipped and often seedless.

Cat face. Malformation of blossom end of fruit.
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Hormone injury. Malformation. of leaflets and terminal
growth.

Hormone-like herbicides or spray equipment
which has contained them should not be used
on or near market gardens or in areas growing
tomatoes.
Chemical herbicides have been
known to damage tomato crops some miles
from where they are applied.
The incidence of hormone-like distortion has
been increasing in tomato crops in recent years
and in some cases has been found to be related
to the use of heavy dressings of fowl manure.
It is recommended that fowl manure should not
be used on tomatoes at rates in excess of 10
tons per acre.

Green back is believed to be caused by high
temperatures and/or faulty nutrition. The
exact role of each is not known. However,
there is some evidence to suggest that in W.A.
excessive pruning, resulting in exposure of fruit
to heat and high light intensity, will increase
the incidence of the disorder.
The disorder appears to be more persistent
in some varieties but none can be recommended
as immune.

Green back or hard core
External symptoms of green back or hard
core include persistence of green colour on
the shoulders of fruit around the stem end
even when the remainder of the fruit is
coloured. When fully ripe the shoulders may
turn to a yellow shade, giving an unattractive
and uneven coloured appearance to affected
fruit.
Internally the shoulder tissue is hard and a
pronounced woody core is present even in
fully ripe fruit. Hard portions of affected fruit
are unpalatable and remain hard even after
cooking.

Hard core. Shoulders of fruit remain green, hard and
fibrous even when remainder of fruit colours.
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top or iron chlorosis. A nutritional disorder
occurring mainly 011, calcareous soils.

Yell ow top (iron chlorosis)
Plants affected by yellow top produce
creamy or pale yellow terminal shoots, although the remainder of foliage may be a
normal healthy green.
The disorder is nutritional and should not
be confused with the tomato yellow top disorder, reported from other States, which is
caused by a virus.
Yellow top is prevalent on the calcareous
sandy soils of the Perth metropolitan area. It
is related to nutrient imbalance in the plant.
The use of iron chelate as a foliage spray has
been found effective in correcting the disorder.
However, care must be taken not to apply iron
chelate foliage sprays during high temperatures,
as serious burning may take place.
A heavy dressing of a fertiliser mixture containing equal quantities of nitrogen and potash
as K,O will also usually correct the disorder.

DISEASES AND PESTS
Profitable tomato production involves the
early control of the many diseases and pests
which can attack the crop. Good equipment is
therefore essential for the application of spray
materials. Tomato growing should not be attempted on a commercial scale unless power
spray equipment capable of maintaining reasonably high pressure is available.
Most of the diseases and pests which attack
tomatoes in this State have been described in

Journal of Agriculture articles or leaflets published from time to time by the Department of
Agriculture. In this bulletin control measures
for the more important diseases and pests are
summarised or tabulated. However, in addition, brief descriptions are provided for some
diseases which, because they regularly cause
serious crop losses, must be readily diagnosed
by all tomato growers.

Bacterial canker

Left: One-sided wilting and
withering

of leaflets.

Centre:
Darkened
waterconducting tissues and mealy
pith.
Right: General leaf withering and cankered stem.
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• Destroy diseased crop residues by burning
and do not plant affected areas for at least
three years.
·
• Change seed bed sites for each crop and
disinfect seed boxes, stakes and other equipment.
• Control insect pests.
For further details and illustrations on bacterial canker, see Department of Agriculture
Leaflets Nos. 2588 and 3084.
Tomato spotted wilt

Spotted wilt is a virus disease which
spread by thrips.

Bacterial canker. Small circular spots, sometimes
called bird's eye spot, are peculiar to this disease.

Bacterial

is

Symptoms
Infestation occurs at all growth stages but
young plants may be killed very quickly. Older
plants usually show a wilting of young topmost
leaves and the appearance of bronze or copper
coloured spotting. Often affected plants will
survive for several months but fruit produced
is usually unmarketable,
First symptoms include stunting, uneven
ripening and a fruit discolouration which may
appear as almost concentric circles of different
shades of red or yellow.

canker

(Corynebocterium michiganense)
Bacterial canker is the most serious disease
of tomatoes in Western Australia. It can
quickly spread through a tomato crop, resulting
in premature death of plants and heavy loss of
yield.
Symptoms
The disease first becomes apparent from the
marginal withering and rolling of leaves and
leaflets at the base of affected plants. Subsequently the disease spreads progressively upwards, causing the death of leaves and leaflets.
Stems of affected plants show a brown discolouration of the water-conducting tissues,
particularly at the nodes where colouring may
extend into the pith.
Fruit may develop small white spots with
brownish centres (birdseye spotting) and may
also show internal browning of water-conducting strands.
The disease is introduced into new areas by
infected seed or seedlings. In the field it is
spread by handling seedlings, pruning, sprinkler
splash or insects feeding.

Control
The use of systemic insecticides for the control of thrips greatly reduces the incidence of
spotted wilt.
In recent years a great deal of effort has
gone into the development of tomato varieties
with spotted wilt resistance, and some Jines
with useful resistance have been released in

Control
• When saving seed, select only from diseasefree plants.
• Extract seed by fermentation and hot water
treatment as described on pages 5 and 6.
• Remove affected plants early and thoroughly
wash hands before handling other plants.
• Use a 1 per cent. solution of cetrimide to
disinfect pruning knife.

Tomato leaf showing spotted wilt disease symptoms.
Shining bronze or copper coloured spots appear first
on upper surface of youngest foliage.
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Spotted

wilt,

Blotchy
appearance
typical of spotted wilt

of mature
disease.

fruit

and sometimes a fern-leaf appearance on new
growth. Stunting of plants niay occur, causing
a reduction in 'yield and blemishing and mottling of fruit, often making them unsaleable.
The virus is spread by contact between diseased and healthy plants, by handling plants
during pruning and tying operations, or by
feeding insects such as aphids. It may also
be carried externally on seed or within the
endosperm of the seed.
One strain of the mosaic virus is the cause
of the condition known as streak.

is

Control

Australia. In this State a variety has been
selected which has some field resistance to the
disease. The variety, R9 Pll, is described on
page 19. Tomato spotted wilt is discussed in
more detail in a special Department of Agriculture leaflet.

Control of mosaic involves good hygiene in
all stages of production, commencing with the
saving and treatment of seed for planting.
Control measures recommended are:• Save seed only from healthy plants.
• Free seeds from external viruses by treatment
with trisodium phosphate. Extract the seed
by fermentation, and immerse for 30 minutes
in a solution of 1 lb. of trisodium phosphate
in 1 gallon of water, then wash in running
water and dry.
• Put seed beds as far away from field plantings
as possible.
• Control weeds and insects, particularly
aphids, around seed beds and field plantings.
• Rotate. with crops other than capsicums for
at least four years.
• Avoid contamination of hands and clothing
from diseased plants such as tomatoes, capsicums, cucumbers or from smoking tobacco.
Wash hands with soap and warm water before
entering the crop. Wash working clothes as
often as possible.

Mosaic diseases
Tomato, tobacco and cucumber mosaic
viruses can cause mosaic diseases in tomato
crops.
Symptoms

Symptoms shown by affected plants include
light and dark mottling and puckering of leaves

Mottling of tomato fruit resulting from virus infection.

Tomato mosaic.

Light and dark mottling

of leaves and a tendency
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to fern-leaf

appearance.

Tomato big bud
The tomato big bud virus disorder is of
minor importance but is easily recognised by
the typical distortion of terminal growth.
Affected plants should be removed from the
crop and destroyed.

Streak.

Black spot or early blight of tomatoes
(Alternarla solani)
Black spot is the most serious foliage blight
of tomatoes in this State. It causes severe defoliation and fruit rotting, particularly in crops
grown in winter. It has been a serious problem
for tomato growers at Geraldton ever since
winter crops have been grown in that district.
However, it occurs to some extent in practically all tomato-growing districts.

Sunken spots typical of tomato streak mosaic
virus.

• Milk spraying at transplanting time helps to
prevent early infection. The spray is made
by dissolving 1 lb. of dried skim milk in 1
gallon of water. Apply as a thorough cover
the day before the plants are pulled or
pruned. Dip the hands in the milk every
20 minutes when transplanting and also during pruning, tying or harvesting operations.
• Remove and destroy diseased plants as soon
as noticed.

Symptoms
Plants may be affected at any stage of
growth. Seedlings are sometimes attacked at
ground level and may develop a collar rot
condition, often referred to as "black leg". On
plants in the field the disease is usually first
noticed on the foliage as regular dark-brown
to black spots. These may enlarge until the
entire leaves or leaflets are affected.
Fruit symptoms include a typical black rot
which usually starts on the stem end at the
stalk scar.

Typical leaf spots of early blight, with terminal
leaflets showing yellow halo.

Control

Big bud virus.

Malformation

of terminal

The disease may be spread by infected seed,
and for this reason hot water treatment of seed,
followed by dusting with a seed protectant dust,
is recommended.
Seed bed and garden hygiene to prevent
carryover of the disease into new plantings is

growth.
27

Early blight fungus attacks fruit at the stem end scar.

essential. Regular spraying of plants with a
zineb-type fungicide is recommended and
should be commenced as soon as leaf spot is
detected.
Further details can be found in a special Department of Agriculture leaflet on this disease.
Septoria leaf spot
(Septoria lycopersici)
to

Septoria lycopersici can cause serious losses
seedlings or larger plants.

Symptoms
The first syrpptorn is spotting of foliage,
usually beginning on lower leaves. The spots
may initially have a water-soaked appearance
and each may be as small as 1/16 in. diameter.
Gradually they enlarge and become grey or
brown. When very numerous, the spots may
unite to form dead patches and sometimes
complete collapse of leaves occurs.
The disease spreads upwards on affected
plants and may cause defoliation.
The fungus may be seed-borne and can be
introduced to new areas in this way. Affected
crop residues are also a means of carryover
and it is known that the disease can survive
in the soil for several years. Temperatures of
60° to 80° F. and prolonged periods of wet
weather favour the development of the disease.
Control
• Do not save seed from crops affected with
Septoria.
• Hot water treat, then dust seed with a protectant dust and plant in disinfected seed
beds.
• Rotate crops and avoid planting on areas
where the disease has occurred for at least
four years.

Tomato leaflets with septoria.
Note the speckled
appearance of the spots.
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materials. Full details of methods for the control of eelworm are given in Department of
Agriculture Bulletin No. 3360.

• Control spread of the disease by the use of
zineb-type fungicidal sprays at 7 to 10-day
intervals.
More detailed information on this disease
is given in Department of Agriculture leaflet
No. 3223.
Root knot eelworm
(M eloidogyne sps.)
Root knot eelworm is a serious root damaging disorder. It is caused by a parasite eelworm
or nematode which is too small to see without a
microscope.
Symptoms
This parasite is particularly prevalent in the
light sandy soils of the metropolitan area and
is most active in summer months when it may
cause serious root damage to many crops, including tomatoes.
The above-ground symptoms on tomatoes include stunting and poor colour and a tendency
to wilting under excessively hot or drying conditions. Roots of affected plants have many
galls or swellings of irregular shape.
Control
Good control of eelworm can be obtained
by soil fumigation with chemical disinfectant

Root knot eel-worm.
Note galling of roots and
sparsity of feeder roots.
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INSECT
Important

pests of tomatoes

include

PESTS AND

caterpillars,

THEIR

thrips, red spider
these are tabulated.

i

j

Insect

Pest

Insecticide

CONTROL

i·.·

·

Concentration

and rust mite.

With-

How

I Period*
holding

Control

measures

and when
apply

to

Spray at IO day
tervals

in-

for each

of

Safety Precautions

i

i
Budworms (incl.
climbing cutworm)
(Heliothis spp.)
Cutworms
(Agrotis spp.)

Green

carbaryl
I trichlorphon

I

Vegetable

Bug

(Nezara viridula)

I
I

I
Loopers

(Plusia spp.)
Tt:io~s spp.)

:---:-1

I

Mite or Rust

0.15%
3. 2 ozs. active
! ingredient in
i 24 lb of bran

3

-------1--demeton-S-methyl
dimethoate
maldison

0.05%
0.04%
0.1%

carbaryl
trichlorphon

0.15%
0.1%

dimethoate
maldison

0.03%
0.05%

-------

dicofol

0.04%

(Aculus lycopersici)

lime sulphur .
sulphur (dust)

1%
10%

Red Spider or Twospotted Mite

tetrad ifon
dicofol
demeton-S-methyl

0.02%
0.04%
0.025%

(Tetranychus

*

urticae)

Withholding period in days is the number
has been sprayed.

of days on which

TRADE NAMES FOR THE INSECTICIDES
Insecticide
carbaryl
trichlorphon
demeton-S-methyl
dimethoate
maldison
dicofol
tetradifon

90164/7/71-2M

Distribute along rows]
in late afternoon !

i

-------Tomato
Mite

3
2

.

carbaryl
BHC

·1

Days

0.15%
0.15%

i

,----i'---------:--21
,
i
7
!
I
]

I

!

[

1-----

7

7
----

----------

--------

7
Lime sulphur
and
sulphur
should
not be applied in
hot periods
3
?
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' Tetradifon is effective against
eggs
and immature
forms of spider
mites and must be
applied
before
adult populations
appear.
May be
used
in conjunction with dicofol

fruit should not be picked

immediately

after the crop

SHOWN IN THE TABULATIONS

Trade name
Bugmaster, Dicarbam, Le-baryl, Septene,
Dipterex, Klorfon
Metasystox (i)
Diostop, Rogor
Malathion, Malathox, Terrathion
Kelthane
Tedi on
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